Résumé. 2014 Fes, the so-called direct electrostatic force which describes the direct action of the field on the impurity, whereas Ff, the friction force, is due to the transfer of momentum from the charge carriers to the impurity:
1. Introduction. -When a direct electric current is passed through a solid solution, the drift velocity of the solute is given by the Nemst-Einstein relation [1] where E is the applied electric field, D; is the diffusion coefficient and Zi* -is the effective valence of the solute. Using the principles of the thermodynamics of irreversible processes, it is possible to show that Zi* I e is equal to (J/Ji)E=o? the total flux of electric charge (ionic as well as electronic), associated with a unit flux of the impurity, in the absence of an applied electric field :
Although the equivalence between the definitions (1) and (2) follows from Onsager's relations, it is customary to use eq. (1) to calculate Z;* : an electric field E is applied to the sample and the force Fi = Z* I e E on the impurity is calculated. It is usually thought that F; can be split up in two parts ; Fes, the so-called direct electrostatic force which describes the direct action of the field on the impurity, whereas Ff, the friction force, is due to the transfer of momentum from the charge carriers to the impurity:
In the interpretation of their results most experimenters assume that Fes = Zi I e E, where Z; is the true ionic charge, as if the diffusing entity were a bare ionic charge. As for Ff, it has been calculated semiclassically by Huntington [2] and Fiks [3] and in quantum mechanics by Bosvieux and Friedel [4] within the Bom approximation. In those papers use is made of a Boltzmann equation to describe the statistics of the perturbed electron gas.
More recently, Turban [5] , Kumar and Sorbello [6] and Schaich [7] [8] . If Inserting (13) and (14) into (8) where F is the electron-impurity force operator defined in (15). We note that F is the total force exerted by the electrons on the impurity, whether due to the electrons in the screening cloud or to the scattering of free electrons off the impurity. At the moment, we do not distinguish between these different mechanisms and therefore there is no ambiguity in the definition of F.
In order to calculate ( F ) we use the standard linear response theory. The result is again exact to first order in the electric field E. We assume that E is introduced adiabatically from t = -oo to t = 0 so that the Hamiltonian describing the electron system is now :
where R(0) and X are defined by (5) and (7) Similarly the electrons 2 (no in number) experience : -the force -no I e I E from the direct action of the electric field, -the force n; f i due to the bare impurities, -the force -n; g due to the interaction with bound electrons 1.
The net friction force on the moving electrons is nl( f i -g) : it is that combination that controls the impurity resistivity. Now, what we found in section 2.2 was the total force exerted by all the electrons (whether bound or free) on one impurity ion. Owing to the equality of action and reaction, this force is :
On combining (32) with (31) we see that we can write the net friction force on the moving electrons 2 as : n;(fi -g) = -ni[ F&#x3E; + Zi I e I E] = -n; F; . (33) It follows that n; F;, the total force on the impurities, is opposite to the net friction force on the moving electrons, irrespective of the presence of a screening cloud. It is to be noticed that the proof of this result does not make use of the thermodynamic relation (2) .
The final step of the argument is now straightforward : n¡(fl -g) represents the friction force on the free electrons due to the impurities. On the other hand, the total friction force due to the impurities and all other scattering mechanisms must balance the electrostatic force -no I e ( E on the free electrons and therefore it is equal to no I e E. Assuming that the Matthiessen's rule is valid, we can write that the contribution of each scattering mechanism to the resistivity is proportional to the friction force it applies to the free electrons. We can then write the ratio of the impurity resistivity to the total resistivity p as :
From (33) An equivalent procedure to derive this expression has been used previously by Flynn [10] and Turban [5] .
The fact there is no contribution to Zi* of a direct electrostatic force follows from our considering perfectly screened ions. [11] to solve this problem have been made, it is necessary to perform a complete dynamical analysis of the jump process in presence of the electric field in order to identify the forces responsible for the drift velocity of the solute.
